Incidence
Most of mammalians and birds are susceptible to Japanese encephalitis virus (JEV). A high incidence of latent infection with JEV was demonstrated among them by serological surveys.
However, humans and horses are the most susceptible hosts which manifest the symptoms of encephalitis following natural infection with JEV. Shimizu et al. (1949) demonstrated a high incidence of latent infection with JEV in pigs by serological survey, and also demonstrated that swine stillbirth was caused by JEV infection.
They observed a high titer of viremia in pigs experimentally infected with JEV, and suggested that pigs might play an important role for the epizootics of Japanese encephalitis (JE). strongly suggested that pigs near Tokyo could serve as sources of JEV for the vector mosquito, Culex tritaeniorhynchus, on the basis of four observations : (1) Under natural conditions swine are frequently infected and developed viremia.
(2) Swine viremia lasts long enough (2-4 days) for mosquitoes to become infected. (3) Laboratory reared C. tritaeniorhynchus transmit virus from pig to pig. (4) C. tritaeniorhynchus bite pigs in large numbers in nature. Otsuka et al. (1965) demonstrated that the appeaeance of antibodies to JEV in pigs were corelated with the occurrence of JEV-infected mosquitoes. Konno et al. (1966) insisted that the pig was one of the hosts most likely to serve as an amplifier of the infction which was passed by mosquito in a cycle involving pig-mosquito-pig-mosquito-man transmission. For the collection of a large number of blood samples from animals and birds for serological diagnosis, filter paper strips are used by means of Nobuto (1965) , a modification of Karstad's technique (1957) . A nation-wide serological survey for pigs during the summer season was conducted for the purpose of predicting JEV infection in humans by research workers at various laboratories in Japan. Kurata et al. (1965) examined the presence of hemagglutination-inhibition (HI) antibody to JEV in total of 4,542 blood samples collected through Japan by use of the filter paper strips during the non-epizootic season, such as in winter season.
High percentage of the presence of the antibody was observed in pigs both under three months and over seven months of age. It is suggested that the former pigs received the maternal antibody through colostrum of dams, but the latter ones developed the antibodies through the natural infection during the summer season of the previous year. The remaining pigs, which were born and raised during the off-season of JEV epizootics, had few antibody to JEV. Such antibody negative pigs as well as young pigs, which had residual antibody become positive during the following summer season.
Fetal death and stillbirth are observed among these primarily infected pigs with JEV.
As mentioned above, a nation-wide serological survey of pigs during the summer season had been conducted these years for the purpose of predicting the outbreak of patients suffering from JE on the basis of hypothesis that a pig will seerve as an amplifier of the infection.
Generally speaking, this hypothesis seems to be certain, however, suggested that a migratory bird, black-crowned night heron (Nycticorax nycticorax), was one of the major sources of virus for vector mosquitoes, and also found that HI positive pigs were preceded about two months by positive cattle in a limmited place (Fig. 1) . These data may suggest that animals other than the pigs will serve as amplifiers sometimes depending on the difference of the place and the year.
Thus, further experiments are needed for final conclusion on amplifiers.
There are two possible hypothesis about the overwinter of JEV. One is that JEV will hybernate in pig, lizard etc in Japan, and the other is that JEV will pass over the winter time of Japan in southern warm countries.
Japanese research workers showed the possibility of overwinter of JEV in lizard and swine fetus, while research workers in Okinawa (Ura et al., 1967 ) detected swine positive reactors to JEV in the winter time of Japan. Watanabe et al . (1968) demonstrated the presence of positive reators to JEV in cattle, goat and sheep in Indonesia in the winter time of Japan (Table 1 ). These data suggest that JEV will pass over the winter time of Japan in southern warm countries. at the rate of 0.5 %. The potency test has been carried out by the method of Fujie and Watanabe (1953) , that is; on the 1st and 4th day, an intraperitoneal injection of 0.1 ml of the vaccine is given to 30 mice of 3-4 weeks old, and then on the 8th day, the test animals as well as 30 mice in control are respectively challenged with 0.2 ml of 10-1 dilution of mouse brain saline suspension infected with Nakayama strain of JEV, mouse brain passaged line. On the 22nd day, the test animals must survive over 50 % under the conditions of the titer of the i. p. challenge virus used ranging from 102 to 103 LD50, and the mortality of control mice inoculated with the same virus is over 90 %. When the test animals survive over 50 %, the vaccine is good. National veterinary assay has adopted this method.
By using this potency test, Watanabe et al. (1954) found the antigenic variation of JEV. Mouse brain passage line of Nakayama strain of JEV (M) was serially passaged through embryonated eggs, and the virus of the 2nd, 10th and 20th generation was designated as E2, E10 and E20 respectively. The vaccine prepared from E2, E10 or E20 was designated as E2, E10 or E20 Vaccine. The virus of egg passaged line of the Nakayama strain of JEV was given by the Chiba Prefecture Serum Research Institute which had been given by Kitaoka, National Institute of Health, Tokyo, and thereafter it had been kept in serial passage in eggs. This strain was serially passaged through mouse brain, and the virus of the 2nd, 10th or 20th generation of passage was designated as CM2, CM10 or CM20. The vaccine prepared from CM2, CM10 or CM20 was designated as CM2Vac, CM10Vac or CM20Vac. The vaccine prepared from M was designated as MVac.
Cross immune tests were carried out by use of these viruses and vaccines.
In case of challenge with M, the potencies of the vaccines were as follows : E2Vac was the highest, E20Vac the lowest and E10Vac intermediate.
That is, the potencies of the vaccines originated from mouse brain passed virus decreased in parallel with the increase of passaged generation in eggs when challenged with the mouse brain passaged virus.
In case of challenge with E2, E10 or E20, however, the potencies of E2Vac, E10Vac and E20Vac are almost the same.
On the contrary, the potencies of MVac was the highest when challenged with M or CM20, the lowest with CM2 and intermediate with CM10. CM20Vac showed the same tendency as MVac. The potency of CM2Vac was the highest for the challenge with CM2, but decreased in the order of CM10, CM20 and M.
From the results mentioned above, it is concluded that the antigenicity of mouse brain passaged line of Nakayama strain of Japanese encephalitis virus varies by serial passages in embryonated eggs, but the variation is reversible within 20 generations of passage.
After these findings, the vaccine made from infected chick embryo disappeared, because the mouse brain passaged virus has been used for the challenge against JE vaccine at National Veterinary Assay.
However, no one knows what strain is the best for the prevention of natural infection with JEV.
After application of this vaccine in the field, the incidence of equine JE has decreased very much, such as 3,678 diseased horses in 1948 the prevention of the appearance of infective mosquitoes which should be originated from the amplifier (pig), however, almost all pigs vaccinated revealed the antibody titer increase after the epizootic seaseon. These data indicate two things : one is that the m-strain is not so effective on the control of infective mosquitoes as they have insisted, and the other is that there must be other amplifiers than the pigs, because almost all pigs received the m strain took the wild JEV during the epizootic season, and revealed the antibody titer increase.
As far as preliminary experiments of are concerned, the grade of the immunity obtained by vaccination with live or killed vaccine is different due to the difference of pigs (Figs. 5 and 6 ). Generally speaking, two shots of vaccines are much more effective than one shot, although the 2nd shot is not effective when the antibody exists (Figs. 5b, 8 and 9 ). This phenomenon is similar to that of inactivated vaccine which was reported in Bull. Nat. Inst. Anim. Hlth No. 57, 1-8, (1968 A simultaneous inoculation of JE and hog cholera vaccines showed a good production of both antibodies in specific pathogeb-free pigs (unpublished data by Kodama et al., 1968 ; and Sazawa et al., 1968) . However, much further experiments are needed before the field application, because the immunity obtained by JE live virus vaccine does not last so long as that by Hog cholera live vaccine in pigs, and furthermore the live virus vaccine is not taken by pigs which have had maternal antibody to JEV. 
Conclusion
Further experiments are needed for final conclusion for the amplifier, overwinter in Japan, and the control of amplifier and viremia, of JEV, and also for the prevention of swine fetal death. 
